A Robot’s Work is Never Done “O” Activity
Note:  When the object has been accelerated, the force needed to move the object will largely be that needed to overcome friction, the shape, composition, and mass of the object will be as important as the nature of the surface over which the object is being pulled.  The important consideration is that the objects will require varied amounts of force to pull them.  Indeed, it will be instructive to demonstrate that an object with considerably greater mass can be moved using less force if it is placed on a wheeled cart or on a travois.

The activity will be conducted as an experiment.  Students should take careful notes about the conditions of the experiment and the results.  The steps of the exercise are below:

1) A force sensing device will be attached to the back of the wheeled robot and an object of known mass (or the students will determine this prior to attaching the bot) will be attached to the end of the sensing device.  

2) The robot will be placed on the starting line of a course measured, in meters, by the students.  A 10 meter long course would be appropriate, although nearly any length will do so long as the students have time to read the force sensing device while the object is in motion.  

3) The robot will be directed along the course and the force reading will be taken as the robot completes the course (making sure that the object travels the full measured distance.)

4) Students will note the mass of the object, the nature of the object (the composition of the bottom surface) as well as any distinctive features about the trial (such as the object being placed on skids or wheels).  

5) Different teams of students may conduct different experiments, or different experiments may be done at different times, such as:

· Have one variable: the mass of the object (place the objects in a box being towed by the robot/force sensor).  Conduct several trials with objects of differing mass.

· Maintain the mass of the object each time, but vary the bottom surface of the object.

· Compare the force needed to drag an object of low mass vs. pulling a significantly more massive object on wheels.

· Attach the end of the force sensor to an object which the robot will not be able to pull unless it is placed on wheels (given the light-weight nature of the robots, this is typically only a matter of several pounds).  If the force generated by the robot exceeds the limits of the scale, then the students should just note the highest reading of which the scale is capable.

6) Once force data has been collected, the students will then calculate the work done by the robot using the formula for work: w = f · d.  The units for their calculations will be in Newton meters.

7) The data will be shared, recorded, and compared in the remainder of the lesson

To summarize the activity, a class discussion will be conducted.  Questions that need to be answered are:

· What did we learn about work?  

· What is critical in determining how much work is being done? (the amount of force used and the distance an object travels.)  

· How important is the force used?  (The force used is vital—tasks can be done many ways—the more efficient our application of force, the less work which needs to be done.)

· How important is the distance an object is moved?  (If an object is not moved, no work is done.  If the mass of an object does not vary, then the farther an object is moved, the greater the amount of work which has been done.)

· What happens if either the force required to move an object or the distance an object travels approaches or reaches zero?  Then the amount of work done also approaches or reaches zero.

· Is time a factor in the amount of work done?  (No it is not—which is not, however, the answer to whether it is more or less exercise to run instead of walk.  The efficiencies of walking/running gaits vary.  But that is another experiment.)
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